Introduction {#mcn12112-sec-0002}
============

Over the last decade following the introduction of the community‐based management of acute malnutrition (CMAM) using ready‐to‐use therapeutic foods (RUTF), there have been major improvements in the survival of children with severe acute malnutrition (SAM) treated in outpatient therapeutic programmes (Collins *et al*. [2006a](#mcn12112-bib-0016){ref-type="ref"},[b](#mcn12112-bib-0019){ref-type="ref"}; WHO *et al*. [2007](#mcn12112-bib-0061){ref-type="ref"}). The use of RUTF, coupled with improved access to CMAM services, has been associated with high recovery rates, lower case‐fatalities and greater weight gain of children with SAM (Ciliberto *et al*. [2005](#mcn12112-bib-0014){ref-type="ref"}; Chaiken *et al*. [2006](#mcn12112-bib-0011){ref-type="ref"}; Collins *et al*. [2006a](#mcn12112-bib-0016){ref-type="ref"},[b](#mcn12112-bib-0019){ref-type="ref"}; Linneman *et al*. [2007](#mcn12112-bib-0042){ref-type="ref"}; Lapidus *et al*. [2009](#mcn12112-bib-0038){ref-type="ref"}; Yebyo *et al*. [2013](#mcn12112-bib-0064){ref-type="ref"}). In addition, providing RUTF in a dosage tailored to body weight has been shown to increase the rate of catch‐up growth in children with SAM compared with those treated with F100, the World Health Organisation (WHO) recommended a milk‐based diet (Diop *et al*. [2003](#mcn12112-bib-0022){ref-type="ref"}). However, the worldwide scale up of the CMAM approach requires appropriately formulated, effective, cheap and readily available RUTFs (Collins and Henry [2004](#mcn12112-bib-0017){ref-type="ref"}; Dibari *et al*. [2012](#mcn12112-bib-0021){ref-type="ref"}). The current standard recipe for RUTF is made from peanut paste, milk powder, oil, sugar, and minerals and vitamins. Milk powder forms about 30% of the ingredients and represents over half the cost of the final product in small‐scale local production units, usually between \$3500--4000 per metric ton (Manary [2006](#mcn12112-bib-0044){ref-type="ref"}). At this price, the purchase of this RUTF referred to as peanut‐based RUTF (P‐RUTF) accounts for a large proportion of total programme costs, and this has been a major obstacle to the scale up of its use in the treatment of SAM given the limited health budgets of most developing countries (Manary [2006](#mcn12112-bib-0044){ref-type="ref"}; Black *et al*. [2008](#mcn12112-bib-0006){ref-type="ref"}, [2010](#mcn12112-bib-0007){ref-type="ref"}). Unfortunately, it is unlikely that it will be possible to decrease the cost of the current milk powder‐based formulations given the high cost of the milk powder required for its manufacture. Thus, there is an urgent need to develop and test the effectiveness of alternative formulations that minimise the level of milk powder and to make the outcomes of these studies available to the international nutrition community. Among the options to be explored include the development and testing of RUTF that uses an alternative source of protein to milk protein. This could include a combination of cereals and pulses, soya flour, soya concentrates proteins or a cheaper protein of animal source such as whey protein concentrates (WPCs) (Collins and Henry [2004](#mcn12112-bib-0017){ref-type="ref"}; Dibari *et al*. [2012](#mcn12112-bib-0021){ref-type="ref"}; Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}; Irena *et al*. [2013](#mcn12112-bib-0032){ref-type="ref"}; Oakley *et al*. [2010](#mcn12112-bib-0050){ref-type="ref"}).

Whey is a by‐product of cheese making, and it refers to the serum or liquid part of milk that remains dissolved in the aqueous portion after the removal of fat and casein during the cheese‐making process (Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}). Whey has a protein density of 0.7--0.8% and contains five major proteins: *α*‐lactoglobulin, *β*‐lactalbumin, glycomacropeptide proteose peptone 3, immunoglobulins and serum albumin (Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}). Whey also contains a high level of milk lactose, is rich in minerals and is commercially transformed into a dry powder product which has a typical protein content of 11--14.5% and lactose content of 63--75% (Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}). The powder is usually processed into WPC with different concentrations of protein ranging from 34% to 80% (Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}). The quality of WPC 34% (WPC34) is similar to that of dried skimmed milk (DSM) and can be 25--33% cheaper (Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}). This study tests the effectiveness of a new RUTF formulation (WPC‐RUTF) in which WPC34 is used to replace DSM with the other ingredients being similar to that of the standard P‐RUTF/milk‐based RUTF (Briend *et al*. [1999](#mcn12112-bib-0009){ref-type="ref"}; Diop *et al*. [2003](#mcn12112-bib-0022){ref-type="ref"}).

Although whey proteins have been used in ready‐to‐use foods for childhood malnutrition previously (de Pee & Bloem [2009](#mcn12112-bib-0020){ref-type="ref"}; LaGrone *et al*. [2012](#mcn12112-bib-0037){ref-type="ref"}), they have not been used as the main source of protein and have always been combined with either soy or skim milk (de Pee & Bloem [2009](#mcn12112-bib-0020){ref-type="ref"}). Whey protein also contains bioactive factors that have beneficial effects on the immune system and muscle synthesis, and it has been shown to promote loss of adipose tissue while maintaining lean body mass (Ha & Zemel [2003](#mcn12112-bib-0027){ref-type="ref"}; Zemel [2005](#mcn12112-bib-0065){ref-type="ref"}; Paul [2009](#mcn12112-bib-0051){ref-type="ref"}). Thus, there is a potential for whey to improve weight gain and linear growth during recovery from SAM. However, the higher satiety effect of WPC ingestion may in theory lead to a reduction of total energy intake leading to lower weight gain (Luhovyy *et al*. [2007](#mcn12112-bib-0043){ref-type="ref"}), although it is possible that this could be compensated by better efficiency of WPC in promoting lean mass deposition compared with other proteins from milk products (Ha & Zemel [2003](#mcn12112-bib-0027){ref-type="ref"}).

Key messages {#mcn12112-sec-1001}
------------

Replacing dried skimmed milk by whey protein concentrate (WPC) does not affect acceptability and tolerance of ready‐to‐use therapeutic food (RUTF).WPC can be used to replace dried skimmed milk in RUTF to reduce the price as WPCs are cheaper than milk powder, and WPC‐RUTF is not inferior to peanut‐based RUTF.Further research on the effect of such replacement on the composition of weight gain is still needed.

Methods {#mcn12112-sec-0003}
=======

Setting {#mcn12112-sec-0004}
-------

The study was conducted in Central Malawi between March 2010 and March 2011 in Lilongwe Health District within the Chileka and Kabudula health management areas. These areas have three hospitals and a CMAM programme for the treatment of SAM that supports 17 outpatient treatment programme (OTP) sites. The three hospitals provided inpatient care services for SAM with complications. On average, the total number of children with SAM admitted for treatment from these health management areas is 956 per year, with most admissions occurring between December and April.

Study design {#mcn12112-sec-0005}
------------

This was a blinded, parallel group, randomised, controlled non‐inferiority clinical trial in which individuals were evenly randomised to either WPC‐RUTF (intervention) or P‐RUTF (active control) arms. The non‐inferiority hypothesis was assumed because the protein quality of the WPC34 is said to be similar to that of the DSM used in P‐RUTF. Children with SAM in both arms were treated according to the Malawi national guidelines for the management of SAM (Government of Malawi and Ministry of Health [2007](#mcn12112-bib-0025){ref-type="ref"}).

Study population {#mcn12112-sec-0006}
----------------

All children were aged between 6 and 59 months and had been diagnosed at one of the 17 participating OTP centres as suffering from SAM without complications. The diagnostic criteria for SAM were a mid‐upper arm circumference (MUAC) \<11.0 cm or pitting oedema of grade 1 (+) or 2 (++) (Collins [2007](#mcn12112-bib-0015){ref-type="ref"}). Complications were defined as either medical, dehydration or the absence of appetite. Medical complications were diagnosed using the WHO\'s Integrated Management of Childhood Illness (IMCI) standard definitions (Nicoll [2000](#mcn12112-bib-0048){ref-type="ref"}). Dehydration was diagnosed if the caregiver reported the occurrence of more than three watery stools per day and sunken eyes that started after the commencement of the watery stools. Appetite was assessed by asking the mother to sit quietly with the child for 15 min during which time she offered RUTF. If the mother reported that the child ate the RUTF, then appetite was assessed as good; if not, then the appetite was assessed as poor.

Children with SAM who presented with complications were referred to one of the three hospitals serving as inpatient stabilisation units and were eligible for inclusion in the study only when referred back to the OTP. Children who developed complications during the course of the treatment remained in the programme. Children previously discharged from the study with a recovered outcome that later relapsed and who then presented again at one of the participating OTPs with a new episode of SAM were not eligible for enrolment in the study for a second time. Children with any neurological or gastro‐intestinal chronic disability were also not eligible.

Randomisation and masking {#mcn12112-sec-0007}
-------------------------

After confirming the diagnosis of SAM, children were randomised by a closed‐envelope method either to receive WPC‐RUTF or P‐RUTF. A computer‐generated sequentially numbered randomisation list (with variable block sizes) that contained both allocations and codes for 700 children was pre‐prepared by the trial statistician based outside Malawi and sent to the national study coordinator who then prepared 700 opaque, sealed and consecutively numbered randomisation envelopes. The envelopes were distributed to the enumerator team leaders at study sites in a block of 20 envelopes. In the field, the caretakers were asked to randomly pick a sealed opaque envelope containing the arm code.

The two RUTFs were manufactured by Valid Nutrition in Lilongwe, Malawi. They were packaged in identical 250‐g pots and were labelled with a letter code. The RUTFs were similar in colour, texture and smell. The investigators directly involved in supervision, child recruitment, and management and outcome assessment were blinded to the identity of the letter codes. All non‐participating staff of the research sites and the caregivers of enrolled children were also blinded to the identity of the RUTFs. Upon the end of data collection, Valid Nutrition provided code identification to the statistician for the purpose of data analysis.

Data collection and follow‐up {#mcn12112-sec-0008}
-----------------------------

The study used a combination of specially trained study nurses, nurses and community health workers from participating health facilities as enumerators. In the week preceding the start of data collection, all enumerators received a refresher training on the diagnosis of SAM, its management and the follow‐up of cases in the community. A standardised modified version of the standard OTP individual monitoring card was used for data collection and follow‐up. It contained background information, anthropometric information, medical history and physical examination, and follow‐up sections.

All children diagnosed with SAM were re‐examined by a trained study nurse enumerator to ascertain the diagnosis of SAM using MUAC, weight and bilateral pedal pitting oedema and confirm eligibility. MUAC was measured using graduated MUAC tapes on the left upper arm of each child. This was done twice for each child by two different enumerators, and the average of the two measures was recorded to the nearest 0.1 cm. Weight in minimal clothing was measured to the nearest 100 g using Salter scales (Salter Weight‐Tronix Ltd, West Bromwich, West Midlands, UK). Bilateral pitting oedema was assessed twice, once at the screening stage and then again at diagnostic confirmation by pressing for 3 s on the dorsum of the foot. Once a diagnosis of SAM was established, a medical history and physical examination were undertaken, and children found to have medical complications and/or no appetite were referred to the nearest inpatient stabilisation centre. All other cases of SAM were admitted to the OTP and included in the trial. Human immunodeficiency virus (HIV) positivity was not considered as a complication, and an HIV test was offered to all caregivers but not performed systematically. At the time of the study, the country had not yet adopted the provider‐initiated HIV testing approach. Previous studies have revealed an HIV prevalence below 3% among children with SAM admitted to therapeutic feeding units of Central Malawi (Bahwere *et al*. [2008](#mcn12112-bib-0004){ref-type="ref"}; Thurstans *et al*. [2008](#mcn12112-bib-0059){ref-type="ref"}).

All enrolled children were asked to return to the OTP site for a follow‐up visit once each week until they were discharged from the programme. At each follow‐up visit, MUAC, oedema and weight were recorded, and the children were screened for medical problems, including possible side effects of the food and the presence of appetite. Caregivers were interviewed at each visit about the acceptability of the RUTF. Caregivers were also asked about whether the child had eaten an RUTF formulation other than the one they had been allocated. No other means was used to assess for non‐adherence to the allocated RUTF.

Treatment protocols {#mcn12112-sec-0009}
-------------------

After admission into the study, all children received a 5‐day course of amoxicillin, a single 100 mg dose of mebendazole, a 1‐week ration of RUTF, and health and nutrition advice. The RUTF ration was calculated to provide around 175 kcal kg^−1^. At each weekly visit, a repeat 1‐week ration of RUTF was provided at the same dosage and identified medical conditions treated according to IMCI guidelines or other relevant national protocols (Nicoll [2000](#mcn12112-bib-0048){ref-type="ref"}).

Outcomes {#mcn12112-sec-0010}
--------

Average weight gain and recovery rate were the primary outcomes of interest. The secondary outcome of interest was length of stay (LOS). Children exited the study in one of five ways: recovery (cure), death, default, transfer out of the catchment area and non‐recovery. For children admitted with a MUAC \<11.0 cm, recovery was defined as follows: a weight gain of at least 15%, MUAC \>11.0 cm, no medical complication, the absence of bilateral pitting oedema and a minimum stay in the programme of 1 month (Government of Malawi and Ministry of Health [2007](#mcn12112-bib-0025){ref-type="ref"}). In the case of children admitted with bilateral pitting oedema, recovery was defined as the absence of bilateral pitting oedema, being clinically well and a MUAC \>11.0 cm (Government of Malawi and Ministry of Health [2007](#mcn12112-bib-0025){ref-type="ref"}).

A child was considered to have defaulted if they were absent for three consecutive visits. Defaulters were followed up by trained volunteers and invited back into the programme. Those who returned were given a new outcome based on their status when they exited the programme.

Children whose condition deteriorated in the course of the outpatient treatment were referred to the nearest of the three hospitals serving as inpatient stabilisation centres. Once stabilised, the children returned to the OTP site to complete their treatment, and an outcome was allocated based on their exit status from the OTP site. Those children who died or defaulted while undergoing inpatient treatment were given an outcome status of 'death' or 'Defaulter', respectively. Children who did not reach the recovery discharge criteria after 4 months of treatment were given the outcome status of non‐recovery.

Food products used in the study {#mcn12112-sec-0011}
-------------------------------

The WPC‐RUTF and P‐RUTF content are presented in Table [1](#mcn12112-tbl-0001){ref-type="table"}. The development of the WPC‐RUTF was carried out using linear programming, in accordance to a method described by Dibari *et al*. (Dibari *et al*. [2012](#mcn12112-bib-0021){ref-type="ref"}). The method determined the quantity of WPC34 needed to replace skimmed milk powder and the mineral and vitamin specifications to include into the premix. The final product matched the WHO 2007 requirements for RUTF recommended mineral and vitamin composition. The WPC34 was imported from United States, and the information on its composition used in linear programming was obtained from 'Reference Manual for U.S. Whey and Lactose Products' available at US Dairy Export Council (USDEC) website. Table [1](#mcn12112-tbl-0001){ref-type="table"} shows that the WPC‐RUTF meets WHO specifications (WHO *et al*. [2007](#mcn12112-bib-0061){ref-type="ref"}). Subsequently, a production test demonstrated similar consistency and colour to that of P‐RUTF, with a mixing procedure and sequences similar to that used for the P‐RUTF (Fellows [2004](#mcn12112-bib-0023){ref-type="ref"}).

###### 

Ingredients and nutrients of the study foods

  Ingredients/Nutrients           WPC‐RUTF[^a^](#mcn12112-note-5001){ref-type="fn"}   P‐RUTF[^b^](#mcn12112-note-5001){ref-type="fn"}   UN specifications   
  ------------------------------- --------------------------------------------------- ------------------------------------------------- ------------------- ------------
  **Ingredients**                                                                                                                                           
  WPC34                           (g/100g)                                            24.0                                              0.0                 
  Dried Skim Milk                 (g/100g)                                            0.0                                               25.0                
  Sugar                           (g/100g)                                            27.9                                              27.4                
  Peanut paste                    (g/100g)                                            27.0                                              26.0                
  Soybean oil                     (g/100g)                                            19.5                                              20.0                
  Vitamin and minerals Premix     (g/100g)                                            1.6                                               1.6                 
  **Nutrients**                                                                                                                                             
  Energy                          (Kcal/100g)                                         530                                               530                 520--550
  Protein/Energy ratio            (%)                                                 12.0                                              12.0                10--12
  Fat/Energy ratio                (%)                                                 56.0                                              56.0                45--60
  Omega‐6/Energy ratio            (%)                                                 1.4                                                                   3--10
  Omega‐3/Energy ratio            (%)                                                 1.5                                                                   0.3--2.5
  Omega‐6/Omega‐3 ratio                                                               22.1                                                                  5--9
  Cysteine                        (g/100g)                                            0.3                                               0.1                 
  Methionine                      (g/100g)                                            0.2                                               0.3                 
  Vitamin A                       (μg/100g)                                           1423.4                                            910                 810--1100
  Vitamin C                       (mg/100g)                                           74.9                                              53                  ≥50
  Vitamin D                       (μg/100g)                                           26.3                                              16                  15--20
  Vitamin E                       (mg/100g)                                           29.8                                              20                  ≥20
  Thiamin (Vitamin B1)            (mg/100g)                                           0.7                                               0.6                 ≥0.5
  Riboflavin (Vitamin B2)         (mg/100g)                                           2.3                                               1.8                 ≥1.6
  Niacin (Vitamin B3)             (mg/100g)                                           6.7                                               5.3                 ≥5
  Pantothenic acid (Vitamin B5)   (mg/100g)                                           4.4                                               3.1                 ≥3
  Pyridoxine (Vitamin B6)         (mg/100g)                                           0.9                                               0.6                 ≥0.6
  Biotin (Vitamin B7)             (μg/100g)                                           86.7                                              65                  ≥60
  Folates (Vitamin B9)            (μg/100g)                                           298.4                                             210                 ≥200
  Cobalamin (Vitamin B12)         (μg/100g)                                           2.4                                               1.8                 ≥1.6
  Vitamin K                       (μg/100g)                                           32.9                                              21                  15--30
  Calcium                         (mg/100g)                                           450                                               315                 300--600
  Phosphorus                      (mg/100g)                                           450                                               370                 300--600
  Magnesium                       (mg/100g)                                           110                                               86                  60--140
  Potassium                       (mg/100g)                                           1250                                              1140                1100--1400
  Sodium                          (mg/100g)                                           214.8                                             110                 \<290
  Copper                          (mg/100g)                                           1.6                                               1.7                 1.4--1.8
  Iodine                          (μg/100g)                                           136.5                                             100                 70--140
  Iron                            (mg/100g)                                           12.0                                              12.0                10--14
  Zinc                            (mg/100g)                                           12.5                                              11.1                11--14
  **Anti‐nutrients**                                                                                                                                        
  Phytic acid                     (mg/100g)                                           370                                               255                 \<100
  Phytic acid/Zinc ratio          2.9                                                 2.2                                               \<15                
  Phytic acid/Iron ratio          2.6                                                 1.9                                               \<1                 

^a^WPC‐RUTF = Whey Protein Concentrates 34% Based Ready‐To‐Use Therapeutic Food; ^b^P‐RUTF = Peanut paste based Ready‐To‐Use Therapeutic Food. \[Correction made on the 7th of March after online publication: Table 1 was replaced.\]

2014 John Wiley & Sons Ltd

The production test was followed by an acceptability trial conducted using a crossover design as previously published by this group (Dibari *et al*. [2012](#mcn12112-bib-0021){ref-type="ref"}). The acceptability trial used 24 normally nourished Malawian children aged between 6 and 15 years (average 10.6 years) recruited from a Lilongwe primary school. Criteria for inclusion were that the children could express their opinions regarding the taste, colour, texture and smell of both RUTFs and rate their feeling about the products using a 5‐point hedonic scale. The trial assessed the acceptability and tolerance of the product at a dosage of 250 g day^−1^.

In this acceptability trial, the majority (19/20) met the acceptability criteria of eating at least 75% of the daily serving of WPC‐RUTF and P‐RUTF (19/22) for more than 75% of 14 successive days of evaluation. The rating of both RUTFs was excellent or very good for colour (19/20 for WPC‐RUTF and 19/22 for P‐RUTF), smell (19/20 for WPC‐RUTF and 16/22 for P‐RUTF) and texture (16/20 for WPC‐RUTF and 18/22 for P‐RUTF). For the taste, 18/20 rated the WPC‐RUTF as having an excellent or very good taste, whereas 2/20 rated the taste as good or fair. The rating for P‐RUTF was excellent or very good for 10/22 children, good or fair for 11/22 children and bad to very bad for one child. Transient abdominal discomfort (4/18 for WPC‐RUTF and 3/20 for P‐RUTF), vomiting (1/18 for WPC‐RUTF and 2/20 for P‐RUTF), diarrhoea (4/18 for WPC‐RUTF and 3/20 for P‐RUTF) and oral thrush (0/18 for WPC‐RUTF and 2/20 for P‐RUTF) were reported. Five children dropped out during the course of the acceptability trial because they did not like the RUTF: four during the P‐RUTF phase and one during the WPC‐RUTF phase.

Sample size calculation {#mcn12112-sec-0012}
-----------------------

We calculated the sample size to demonstrate that WPC‐RUTF was not inferior to P‐RUTF for weight gain and recovery rate among children with SAM discharged as cured from a CMAM programme. Based on the literature, we assumed a margin of non‐inferiority of 1.2 g kg^−1^ day^−1^ and a standard deviation (SD) of 4.6 (Ashworth [2006](#mcn12112-bib-0002){ref-type="ref"}). Considering a beta = 0.1 and an alpha = 0.05, a total of 600 children including 504 who were discharged cured were required to be 90% sure that the lower limit of a one‐sided 95% confidence interval (CI) was above the non‐inferiority limit of −1.2 (Julious [2004](#mcn12112-bib-0034){ref-type="ref"}). This sample size was also sufficient to demonstrate non‐inferiority in recovery rate using the same alpha and beta and a margin of non‐inferiority of minus 10%. (Blackwelder [1982](#mcn12112-bib-0008){ref-type="ref"}). The non‐inferiority margins were selected according to literature and medical judgment of a clinically appropriate and acceptable margin (Ashworth [2006](#mcn12112-bib-0002){ref-type="ref"}).

Data management and statistical analysis {#mcn12112-sec-0013}
----------------------------------------

Child data were entered into an Epidata database prepared for this study (Lauritsen and Bruus [2003](#mcn12112-bib-0039){ref-type="ref"}). Data were entered by two enumerators and cleaned, coded and then exported to [stata]{.smallcaps}‐11 (StataCorp. [2009](#mcn12112-bib-1001){ref-type="ref"}) for analysis. In accordance with recommendations for analysing and reporting equivalence and non‐inferiority studies, both intention‐to‐treat (ITT) and per‐protocol (PP) analyses were performed (Le Henanff *et al*. [2006](#mcn12112-bib-0041){ref-type="ref"}; Piaggio *et al*. [2006](#mcn12112-bib-0052){ref-type="ref"}). The ITT analyses included all children enrolled in the study. The PP analyses for weight gain included only the children who were discharged cured as this is how this indicator of effect of therapeutic feeding on growth velocity is usually calculated in programmes and reported in literature. For recovery rate, PP analyses excluded children who defaulted, transferred out of the programme and were lost to follow‐up after inpatient transfer, but included children discharged as cured, died or non‐cured.

Summary enrolment characteristics for each arm were calculated as mean ± SD or median (interquartile range) for continuous or discrete measures and as *n* (%) for categorical measures. Means were compared using *t*‐test, the median using the Mantel--Haenszel test and proportions using the Student\'s chi‐squared test. Rates of weight gain during the entire period of follow‐up were estimated in g kg^−1^ day^−1^ and compared between the study arms. These were calculated by dividing the weight gain (weight at exit -- weight at admission) expressed in grams by the weight at admission (in kilograms) and the LOS (in days). Recovery rate was calculated as a percentage of total recovered children divided by total exits. Difference in the estimated marginal means between the treatment arms along with bootstrapped 95% CI was estimated to draw inference on non‐inferiority. For the comparison of recovery rates, generalised regression models with zero‐inflated negative binomial distribution were used. We used a logistic regression to test for interactions between the recovery rate and other variables. These variables were sex, age group (\<24 vs. ≥24 months), immunisation status (fully immunised vs. not fully immunised), travelling time from home to the Health Centre (HC) (\>30 vs. ≤30 min), number of children below 5 years in the household (≤2 vs. \>2), admission criterion and presence of oedema. We used a linear regression to test the interaction between weight gain and the variables listed above. The differences between two incidence **rates** were done with the 'MidPoint Rule method'. A data safety monitoring board was assigned to perform an ongoing review of study outcomes, but no formal interim analysis was planned.

Ethical considerations {#mcn12112-sec-0015}
----------------------

Permission for the trial to be conducted was obtained from Malawi National Health Sciences Research Committee (NHSRC) of the Ministry of Health prior to randomisation. At the time of admission, each child\'s parent or carer was informed about the nature and purpose of the study, the different RUTFs, and randomisation process and asked for their informed written consent for their child to be included in the study and for their medical information to be used for research purposes. In addition to the authorisation for carrying out of the study, an authorisation to publish the findings was sought and obtained from Malawi NHRSC.

Results {#mcn12112-sec-0016}
=======

The study enrolment and movement of children from preliminary screening to data analysis are shown in Fig. [1](#mcn12112-fig-0001){ref-type="fig"}. Between March 2010 and March 2011, a total of 619 eligible children were screened, of whom 600 were randomised to either P‐RUTF (*n* = 292) or WPC‐RUTF (*n* = 308). Nineteen eligible children were excluded prior to randomisation either because of being allocated to an arm by the HC staffs before receiving the code from the central level (*n* = 18) or because the child was considered has a return from defaulting as he had recently been under SAM treatment but he discontinued treatment before cure (*n* = 1). Five children randomised to the WPC‐RUTF group were excluded after randomisation because either critical baseline data including weight, MUAC or oedema were not collected prior to the initiation of the nutrition rehabilitation (*n* = 3) or because the verification of age indicated that the child was older than 59 months.

![Chart showing enrolment, randomisation and follow‐up of study participants.](MCN-10-436-g001){#mcn12112-fig-0001}

Baseline characteristics of children included in the ITT analyses for each study group are shown in Table [2](#mcn12112-tbl-0002){ref-type="table"}. There was no difference between the two groups at baseline in terms of maternal vital status, child age, proportion of boys, main carer, time to the clinic, proportion receiving humanitarian food support, nutrition parameters such as weight and presence of infection. However, the prevalence of HIV was higher in the WPC‐RUTF group than in the P‐RUTF group. Oedematous malnutrition was the dominant form of SAM with one to five children having at least two plus oedema on admission. Diarrhoea and fever were common at baseline, but less than 5% of the children required initial inpatient treatment.

###### 

Baseline demographic and clinical characteristics of the 595 children randomly assigned to WPC‐RUTF or P‐RUTF group

  Criteria                                                                                                WPC‐RUTF      P‐RUTF              
  ------------------------------------------------------------------------------------------------------- ------------- ------------- ----- --------
  Socio‐demographic parameters                                                                                                              
  Male, *n* (%)                                                                                           145           (47.8)        154   (52.7)
  Age (months), means (SD)                                                                                25.0(11.0)    24.5(10.3)          
  Mother alive, *n* (%) (*n* = 269/267)[^†^](#mcn12112-note-0002){ref-type="fn"}                          264           (98.1)        250   (97.3)
  Mother main carer, *n* (%)                                                                              226           (74.6)        215   (73.6)
  Distance home to HC (minutes), means ± SD                                                               92.6(54.4)    98.4(50.4)          
  Receiving humanitarian food package, *n* (%) (*n* = 233/214)[^†^](#mcn12112-note-0002){ref-type="fn"}   51            (21.9)        48    (22.4)
  Nutrition parameters                                                                                                                      
  Previous episode of SAM, *n* (%)                                                                        16            (5.3)         8     (2.8)
  Oedema being admission criteria, *n* (%)                                                                249           (82.2)        241   (82.5)
  Oedema ≥+2, *n* (%)                                                                                     64            (21.1)        60    (20.6)
  Baseline weight (kg), means (SD)                                                                        8.7(2.0)      8.7(2.1)            
  Baseline height (cm), means (SD)                                                                        76.1(8.6)     76.0(8.8)           
  Baseline MUAC (mm), means (SD)                                                                          125.7(16.0)   124.9(14.7)         
  Baseline weight‐for‐height (*z*‐score), means (SD)                                                      −1.32(1.42)   −1.30(1.64)         
  Baseline height‐for‐age (*z*‐score), means (SD)                                                         −3.26(2.02)   −3.30(2.36)         
  Baseline weight‐for‐age (*z*‐score), means (SD)                                                         −2.75(1.32)   −2.68(1.44)         
  Need of initial inpatient care, *n* (%)                                                                 9             (3.0)         8     (2.7)
  Infectious parameters                                                                                                                     
  Complaint of diarrhoea, *n* (%) (*n* = 288/282)[^†^](#mcn12112-note-0002){ref-type="fn"}                71            (24.6)        68    (24.1)
  Complaint of fever, *n* (%) (*n* = 283/279)[^†^](#mcn12112-note-0002){ref-type="fn"}                    94            (33.2)        95    (34.0)
  HIV sero‐positivity, *n* (%) (*n* = 129/112)[^†^](#mcn12112-note-0002){ref-type="fn"}                   17            (13.2)        6     (5.4)

HC, Health Centre; HIV, human immunodeficiency virus; MUAC, mid‐upper arm circumference; P‐RUTF, peanut‐based ready‐to‐use therapeutic food; SAM, severe acute malnutrition; SD, standard deviation; WPC‐RUTF, whey protein concentrate ready‐to‐use therapeutic food. ^†^Different *n* because of missing data.
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Within‐group analyses showed that children of both study groups met the international minimum standard for recovery rate (\>70%), mortality rate (\<10%) and defaulter rate (\<15%). For children in the WPC‐RUTF group, the recovery rate, mortality rate and defaulter rate for ITT analyses were 84.8% (257/303), 1.6% (5/303) and 12.2% (37/303), respectively. For those of the P‐RUTF group, the figures were 84.2% (246/292), 0.7% (2/292) and 12.2% (37/292), respectively. Average weight gain was inferior to 4 g kg^−1^ day^−1^ for both groups and was 3.1 g kg^−1^ day^−1^ for children of the WPC‐RUTF group and 2.9 g kg^−1^ day^−1^ for those of the P‐RUTF group. For children discharged as cured, the average weight gain was 3.5 g kg^−1^ day^−1^ for children in the WPC‐RUTF group and 3.4 g kg^−1^ day^−1^ for those in the P‐RUTF group. For the PP analyses the international minimum standards were also met in both groups for recovery rate (257/266 = 96.5 for the WPC‐RUTF group and 246/256 = 96.1) and mortality rate (5/266 = 1.9% for the WPC‐RUTF group and 2/256 = 0.8% for the P‐RUTF group).

Both PP and ITT analyses showed that the recovery rate of the WPC‐RUTF group was not inferior to the recovery rate of the P‐RUTF group as the 95% CI of the difference between the two groups was above the pre‐defined non‐inferiority margin of Δ = −10% (Fig. [2](#mcn12112-fig-0002){ref-type="fig"}). The observed differences were 0.5% (95% CI --2.7, 3.7) in PP analysis and 0.6% (95% CI --5.2, 6.3) in ITT analysis.

![Difference in recovery rate between whey protein concentrate ready‐to‐use therapeutic food (WPC‐RUTF) and peanut‐based RUTF (P‐RUTF).](MCN-10-436-g002){#mcn12112-fig-0002}

Similarly, both PP and ITT between‐group analyses showed that the average weight gain of the WPC‐RUTF group was not inferior to average weight gain of the P‐RUTF group as their 95% CIs were above the pre‐defined non‐inferiority margin of Δ = −1.2 g kg^−1^ day^−1^ (Fig. [3](#mcn12112-fig-0003){ref-type="fig"}). The difference was 0.2 (--0.5; 0.9) for both analyses.

![Difference in average weight gain between whey protein concentrate ready‐to‐use therapeutic food (WPC‐RUTF) and peanut‐based RUTF (P‐RUTF).](MCN-10-436-g003){#mcn12112-fig-0003}

The subgroup analysis demonstrated no interaction between age groups (\<24 vs. ≥24 month) or type of malnutrition (oedematous or non‐oedematous) for either weight gain or the recovery rate.

Overall, the LOS (pre‐defined non‐inferiority margin of Δ = +14 days) in the ITT analysis for children recruited into WPC‐RUTF group was 32.6 days (95% CI, 30.8--34.5 days), and for P‐RUTF, it was 34.5 days (95% CI, 32.5--36.5), giving a difference of −1.9 days (95% CI, −4.6, 0.8 days). For the PP analysis, it was 34.2 days (95% CI, 32.8--36.8 days) for WPC‐RUTF group, 35.8 days (95% CI, 33.8--36.3) for P‐RUTF, with a difference of −1.6 days (95% CI, −4.6, 1.4 days). For children who were discharged as recovered, the figure was 34.8 days (95% CI, 32.8--36.8 days) for WPC‐RUTF, 36.1 days (95% CI, 33.8--36.3) for P‐RUTF and −1.3 days (95% CI, −4.7, 1.7 days) for the difference. All these differences in LOS were not statistically significant.

The proportion of children who had a history of diarrhoea at the first weekly follow‐up did not significantly differ according to RUTF group (44/291 = 15.1% for the WPC34 group and 49/258 = 19.0% for the P‐RUTF group; *P* = 0.227), and the average duration of symptoms was 3.3(2.5) days for children of WPC34 group and 2.9(1.7) days (*P* = 0.478). The overall incidence rate of history of diarrhoea did not differ between the two groups (*P* = 0.795) and was 11.5 episodes per 100 child visits for children of WPC34 group (146 episodes for 1270 child visits), 11.8 episodes per 100 child visits for children of P‐RUTF group (142 episodes for 1198 child visits). Children of the WPC34 group had significantly lower frequency of fever 27/278 = 9.1% for the WPC34 group and 43/253 = 17.0% for the P‐RUTF group; *P* = 0.013) and a trend of lower frequency of cough 33/278 = 11.9% for the WPC34 group and 43/250 = 17.2% for the P‐RUTF group; *P* = 0.082) at the first weekly follow‐up.

Discussion {#mcn12112-sec-0017}
==========

This study has demonstrated that an RUTF in which all the DSM is replaced by WPC, a by‐product of cheese making, is not inferior to the standard P‐RUTF and milk‐based RUTF in terms of organoleptic acceptability, tolerance, weight gain and recovery rate.

For both groups, the recovery rate observed exceed the SPHERE minimum standards of \>70% and is better or comparable with the recovery rates of between 60% to 88% reported in other studies that evaluated outcomes in community‐based programmes implanted in Malawi and other African countries (Ciliberto *et al*. [2005](#mcn12112-bib-0014){ref-type="ref"}, [2006](#mcn12112-bib-0013){ref-type="ref"}; Collins *et al*. [2006b](#mcn12112-bib-0019){ref-type="ref"}; Bahwere *et al*. [2008](#mcn12112-bib-0004){ref-type="ref"}; Sadler *et al*. [2008](#mcn12112-bib-0056){ref-type="ref"}; Kerac *et al*. [2009](#mcn12112-bib-0036){ref-type="ref"}; Irena *et al*. [2012](#mcn12112-bib-0030){ref-type="ref"}; Trehan *et al*. [2013](#mcn12112-bib-0060){ref-type="ref"}; Yebyo *et al*. [2013](#mcn12112-bib-0064){ref-type="ref"}). This high recovery rate and the non‐inferiority of WPC‐RUTF when compared with P‐RUTF and the fact that the PP and ITT analyses gave a similar result are robust evidence showing that WPC‐RUTF is indeed an excellent alternative to P‐RUTF in the management of SAM (Kaul & Diamond [2006](#mcn12112-bib-0035){ref-type="ref"}).

In both groups, the weight gain observed in this study is lower than the recommended \>5 g kg^−1^ day^−1^ but compares favourably with weight gains observed in other studies carried out in Malawi. Ciliberto *et al*. found a rate of weight gain of 2.8 g kg^−1^ day^−1^ in oedematous children from Southern Malawi despite calculating the weight gain for the first 4 weeks of treatment only, a period during which the highest weight gain is typically observed (Ciliberto *et al*. [2006](#mcn12112-bib-0013){ref-type="ref"}). In an earlier study, the same author documented a weight gain for the first 4 weeks of 3.5 kg kg^−1^ day^−1^ among children, 44% of whom presented with oedematous malnutrition (Ciliberto *et al*. [2005](#mcn12112-bib-0014){ref-type="ref"}). This suggests that the weight gain observed in this study can be considered as satisfactory, particularly where a large proportion of children with SAM present with oedema. It is important to note that oedematous children tend to lose weight during the early phase of treatment. In outpatient programmes, the true lowest weight is difficult to establish because with this initial weight loss, the lowest weight often occurs in between the two weekly visits. The result is that the rates of weight gain reported based upon the admission weight are likely to underestimate the real rates of weight gain in oedematous children had these been calculated using the lowest weight attained in the centre. In addition, we believe the conclusion of non‐inferiority of the WPC‐RUTF to be robust because both the PP and ITT gave a similar result, and the weight gain observed with P‐RUTF is in the range of weight gain reported in the literature in well‐run programmes (Kaul & Diamond [2006](#mcn12112-bib-0035){ref-type="ref"}).

WPC34 is deemed to have similar nutritional qualities to that of DSM; thus, the non‐inferiority results are not surprising. What is surprising is, that although WPC34 is 25--33% cheaper than DSM (Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}), it is not currently used as main source of protein in RUTF production despite the universal concern about the cost of RUTF and the contribution of milk powder to this cost (Manary [2006](#mcn12112-bib-0044){ref-type="ref"}). This is probably because of the absence of a study that provides evidence of the effectiveness of WPC‐based RUTF and of its performance in comparison with the standard skimmed milk powder‐based RUTF. The results of this study fill this knowledge gap and provide evidence that WPC‐RUTF is a credible alternative to P‐RUTF for cost reduction. The potential savings through use of a WPC‐RUTF have been documented in the range of 10--20% and are particularly attractive because WPC price in the international market seems more predictable and fluctuates less than DSM (Michaelsen *et al*. [2009](#mcn12112-bib-0046){ref-type="ref"}; Rosenberg *et al*. [2011](#mcn12112-bib-0055){ref-type="ref"}). At the 2013 average‐weighted UNICEF procurement price of \$US4064 per metric ton and the planned 32 000 metric tons procurement, a 10% reduction on the final price would have resulted in a saving of around \$US13m for UNICEF. The 13 million can be an underestimation of saving according to the summary of 2013 price trends in the United States. Indeed, figures from the US Department of Agriculture\'s Agricultural Marketing Service summarised by Consultancy and Market Research Food and Dairy and accessed on their website in early November show that in the US market, the 2013 average price of WPC34 (€2231 metric ton^−1^) has been 21% lower to that of DSM (€2817 metric ton^−1^). In addition to the potential reduction in cost, several other properties of WPC are favourable for the production of RUTF. Whey protein is comprised of a number of individual bioactive components, or fractions, which include *α*‐lactalbumin, *β*‐lactoglobulin, serum proteins, lactoferrin and a series of immunoglobulins (Marshall [2004](#mcn12112-bib-0045){ref-type="ref"}). Individually, these fractions are known to be immune‐system enhancer. In addition, they support a wide range of bioactive functions, such as iron binding, tissue repair, maintenance of intestinal integrity, resistance to pathogens and elimination of toxins (Marshall [2004](#mcn12112-bib-0045){ref-type="ref"}). For example, the higher concentration of the branched‐chain amino acids leucine, isoleucine and valine give WPC34 a comparative advantage over DSM given the important role of these amino acids in promoting protein synthesis and counteracting muscle protein breakdown and treatment goal in SAM management and of promoting new lean tissue synthesis for the replenishment of the body mass cells (Marshall [2004](#mcn12112-bib-0045){ref-type="ref"}). Both RUTFs provided daily amount of cysteine and methionine higher than the 391.2 and 496.5 μmol kg^−1^ day^−1^ associated with rapid restoration of glutathione homeostasis (Jahoor *et al*. [1988](#mcn12112-bib-0033){ref-type="ref"}; Solak & Akin [2012](#mcn12112-bib-0058){ref-type="ref"}). However, children taking P‐RUTF had a cysteine intake of 385 μmol kg^−1^ day^−1^ lower than that of those taking WPC34 which was 825 μmol kg^−1^ day^−1^. Our study was not designed to assess the effect of incidence of morbidity, time to resolution of oedema or lean mass deposition, but theoretically, the extra intake of cysteine taken by children of the WPC34 arm did probably lead to an improvement of these outcomes especially in children admitted with oedematous malnutrition as they have a very high cysteine requirement (Jahoor *et al*. [1988](#mcn12112-bib-0033){ref-type="ref"}; Marshall [2004](#mcn12112-bib-0045){ref-type="ref"}; Badaloo *et al*. [2012](#mcn12112-bib-0003){ref-type="ref"}). In the context of possible association between environmental enteropathy and gut microbiome with the occurrence of oedematous malnutrition and the response to treatment, the higher concentration in transforming growth factor‐*β* (TGFβ1) in WPC34, a whey protein bioactive component that strengthens the intestinal barrier and of glutamine which serves as food for fast dividing cells such as those of intestinal wall, is in favour of the use WPC34 instead of DSM (Noyer *et al*. [1998](#mcn12112-bib-0049){ref-type="ref"}; Bushen *et al*. [2004](#mcn12112-bib-0010){ref-type="ref"}; Hering *et al*. [2011](#mcn12112-bib-0028){ref-type="ref"}; Prendergast & Kelly [2012](#mcn12112-bib-0053){ref-type="ref"}; Smith *et al*. [2013](#mcn12112-bib-0057){ref-type="ref"}). Indeed, previous studies demonstrated that TGFβ1 up‐regulates the epithelial barrier function towards barrier protection even when barrier properties are not impaired, and supplementation with glutamine accelerates intestinal wall repair during nutrition rehabilitation (Noyer *et al*. [1998](#mcn12112-bib-0049){ref-type="ref"}; Bushen *et al*. [2004](#mcn12112-bib-0010){ref-type="ref"}; Hering *et al*. [2011](#mcn12112-bib-0028){ref-type="ref"}). However, in this study. there was no difference in frequency of history of diarrhoea between the two groups.

Whey proteins are increasingly used as ingredients in infant formulas and specialised protein supplements because they contain all the essential amino acids and have the highest protein quality rating among other protein sources (Yalcin [2006](#mcn12112-bib-0063){ref-type="ref"}; Solak & Akin [2012](#mcn12112-bib-0058){ref-type="ref"}). Indeed, recent literature suggests that the use of whey proteins is associated with improving lean body mass deposition (Morr & Ha [1993](#mcn12112-bib-0047){ref-type="ref"}; Ha & Zemel [2003](#mcn12112-bib-0027){ref-type="ref"}). Although the initial protocol included the assessment of body composition, this objective was later dropped because of financial constraints. Thus, one of the limitations of this study is the absence of data on body composition that limits inference about deposition of lean mass in children fed WPC‐RUTF compared with those fed P‐RUTF. However, the catch up growth resulting in an average time to recovery of less than the 42 days usually observed in CMAM programmes (Collins *et al*. [2006b](#mcn12112-bib-0019){ref-type="ref"}) suggests efficient deposition of lean mass in both groups.

Although lactose intolerance is not a significant clinical problem with P‐ RUTF, the use of whey protein, by supporting a reduction of the lactose content of the RUTF, could help to minimise the risk of lactose intolerance and reduce the incidence of diarrhoea at the initiation of nutrition rehabilitation (Barth & Behnke [1997](#mcn12112-bib-0005){ref-type="ref"}; Hoppe *et al*. [2008](#mcn12112-bib-0029){ref-type="ref"}; Ali *et al*. [2013](#mcn12112-bib-0001){ref-type="ref"}). Indeed, some caretakers and patients list diarrhoea as a relatively common side effect of RUTF consumption (Ali *et al*. [2013](#mcn12112-bib-0001){ref-type="ref"}).

Unpublished data from Valid International\'s work in Bangladesh and Malawi have shown that poor tolerance of RUTF usually results in children halting consumption. In this study, there was no evidence of more children stopping consumption in the WPC arm than in the P‐RUTF in either the acceptability of effectiveness trials, and the defaulter rate in effectiveness trial was similar in both arms.

The recipe development phase showed that the same manufacturing processes can be used to make both standard recipe and WPC RUTFs. As for the production of standard RUTF, the main challenge for producing WPC‐RUTF in Africa is the difficulty in procuring WPC powder, and based on the findings of this trial, efforts should be made to increase availability of WPC in developing countries, especially in those ready to get involved in production of high‐quality complementary and therapeutic foods.

The main limitation of the present study is the absence of the monitoring of the RUTF intake and the weekly follow‐up design. The absence of intake monitoring prevents us from distinguishing between effect of the products and operational constraints. For example, it prevents from comparing the intra‐household sharing pattern of the two products and from determining the relationship between actual intake and the weight gain. Our inability to document the weight of the child at the time of oedema disappearance certainly affected the estimation of weight gain and limited our ability to assess the potential impact of WPC34 on duration of oedema. Future studies should address these design limitations by opting for an efficacy trial rather than effectiveness when assessing food therapeutic value. Future studies should also assess the effect of WPC34 on morbidity. Indeed, although some data on morbidity have been presented with the indication that WPC34 may synergise with antibiotics to lower morbidity as already suggested in the literature, these results are from *post hoc* analyses and should be confirmed by a study specifically including this objective before a firm conclusion is made.

In conclusion, the present study demonstrates that a whey protein‐based RUTF is an effective alternative to the standard milk‐based RUTF for the treatment of SAM. This result is important because it provides governments and the humanitarian community with an alternative to the standard product which is both effective and less costly. The cost of RUTF has been a major obstacle to the scale up of treatment of SAM given the limited health budgets of most developing countries that suffer a high burden of malnutrition (Manary [2006](#mcn12112-bib-0044){ref-type="ref"}; Collins *et al*. [2006a](#mcn12112-bib-0016){ref-type="ref"},[b](#mcn12112-bib-0019){ref-type="ref"}). We suggest that WPC‐RUTF has an important role to play in both improving access to treatment for the 25 million children currently suffering from SAM that have no access to treatment and in making progress towards achieving millennium development goal 4 that aims to reduce child mortality in 2015. More research is required to assess the potential beneficial impact of other WPC properties on nutrition recovery and absorption of key micronutrients including zinc and iron.
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